Introduction {#S0001}
============

Rheumatoid arthritis (RA) is characterised by chronic inflammation of the synovial membrane, which causes progressive joint damage and increased disability. The inflammatory process involves the migration and infiltration of peripheral blood inflammatory cell leukocytes into the synovial tissue. These cells, including lymphocytes, neutrophils and monocytes, produce a variety of inflammatory mediators, including cytokines, chemokines and matrix-degrading enzymes \[[@CIT0001]\]. The inhibition of pro-inflammatory cytokines can reduce the manifestations of RA, improve function and retard radiological evidence of joint damage. This discovery has led to the development of new therapies, including recombinant human interleukin-1 receptor antagonist (IL-1Ra) \[[@CIT0002], [@CIT0003]\].

Chemokines are cytokines that exert chemotactic activity towards lymphocytes, neutrophils and monocytes, and they play a crucial role in the migration and recruitment of inflammatory cells into the synovium. Elevated levels of CC chemokine ligands CCL2 (monocyte chemoattractant protein-1 -- MCP-1), CCL3 (macrophage inflammatory protein-1α -- MIP-1α), CCL5 (regulated and normal T cell expressed and secreted -- RANTES) and CCL20 (MIP-3α) have been found in the serum and synovial fluid of RA patients \[[@CIT0004], [@CIT0005]\]. Patients with early RA had elevated expression levels of synovial fluid CCL2 and CCL3, which were positively correlated with macrophage infiltration into the synovium, suggesting that CCL2 and CCL3 may function as predictable factors of RA synovitis and treatment efficacy \[[@CIT0006], [@CIT0007]\]. However, to date, only limited studies have been available.

In this study, we investigated the relationship of serum CCL2 and CCL3 concentrations with clinical outcomes in RA patients who were treated with IL-1Ra.

Material and methods {#S0002}
====================

Study protocol {#S20003}
--------------

A total of 54 active RA patients and 36 healthy controls were enrolled into the study, which was conducted at the Shanghai Changzheng Hospital in China from September 2009 to October 2011. Eligible RA patients were 18-79 years of age, fulfilled the revised 1987 American Rheumatism Association criteria for the classification of RA and had received methotrexate (MTX) treatment for at least 12 weeks before enrolment. Active RA was defined as four or more swollen joints, six or more tender joints and at least one of the following: a serum C-reactive protein (CRP) level of at least 10 mg/l, an erythrocyte sedimentation rate (ESR) of at least 28 mm/hour or morning stiffness that lasted longer than 45 minutes.

All the RA patients were double-blindly randomised to receive daily subcutaneous injections of IL-1Ra (80 mg) or a placebo with concurrent MTX therapy for 24 weeks, which was reported in our previous paper \[[@CIT0008]\]. Of the 42 IL-1Ra-treated patients, 27 were assigned as responders who exhibited at least 20% improvement according to the criteria of the American College of Rheumatology (ACR20) \[[@CIT0009]\] after 24 weeks of treatment, whereas the other 15 patients were non-responders who did not achieve an ACR20 response or withdrew before the end of the study.

The clinical activity of RA was assessed using the Modified Disease Activity Score in 28 joints (DAS28) \[[@CIT0010]\]. Fasting sera were collected at baseline and after the last injection from the enrolled RA patients and healthy controls. The serum levels of CCL2 and CCL3 were determined using enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Wiesbaden-Nordenstadt, Germany). The sensitivities of the ELISA kits were 5 pg/ml (CCL2) and 10 pg/ml (CCL3).

All of the patients provided written informed consent. The study protocol was approved by the institutional review committee and was conducted according to the Declaration of Helsinki and all subsequent revisions.

Statistical analysis {#S20004}
--------------------

The continuous variables and the DAS28 were analysed using Student\'s paired *t*-test, an analysis of variance (parametric) or Wilcoxon\'s rank-sum test (nonparametric) when appropriate. The correlation between the serum chemokines and the DAS28 was determined using Spearman\'s rank-order test. Two-tailed *p* values of 0.05 or less were considered statistically significant.

Results {#S0005}
=======

Patient characteristics {#S20006}
-----------------------

A total of 54 RA patients and 36 healthy controls were recruited into the study. The IL-1Ra (*n* = 42) and placebo (*n* = 12) groups were well-balanced according to their demographic and baseline characteristics ([Table 1](#T0001){ref-type="table"}). Of the 36 healthy controls who were 24-79 (52.2 ±14.70) years of age, 9 were males and 27 females.

###### 

Characteristics of the 54 rheumatoid arthritis patients treated with IL-1Ra or placebo at baseline

                                                           IL-1Ra (n = 42)   Placebo (n = 12)
  -------------------------------------------------------- ----------------- ------------------
  Age (years)                                              45 ±10            45 ±11
  Sex, female (%)                                          33 (79)           10 (83)
  Weight (kg)                                              59 ±10            54 ±9
  RF positivity (%)                                        32 (76)           10 (83)
  ANA positivity (%)                                       14 (33)           5 (42)
  Corticosteroid use (%)                                   16 (38)           7 (58)
  MTX dose (mg/week)                                       10.3 ±1.8         11.3 ±2.7
  Swollen joint count (0-66)                               7.8 ±4.5          6.1 ±4.0
  Tender or painful joint count (0-68)                     11.4 ±6.5         10.4 ±7.1
  Physician\'s assessment of disease activity (0-100 mm)   51 ±20            52 ±16
  Patient\'s assessment of disease activity (0-100 mm)     57 ±20            57.4 ±19.0
  Patient\'s assessment of pain (0-100 mm)                 51 ±21            47 ±17
  HAQ score (0-3)                                          0.6 ±0.7          0.7 ±0.6
  CRP (mg/l)                                               19 ±19            13.4 ±13.7
  ESR (mm/hr)                                              35 ±24            33 ±24
  Duration of morning stiffness (min/day)                  82 ±90            66 ±99
  DAS28                                                    5.5 ±1.3          5.2 ±1.0

These data are the mean ± SD or the number (%) unless indicated otherwise. There were no significant differences between the groups according to these characteristics.

IL-1Ra -- IL-1 receptor antagonist; RF -- rheumatoid factor; ANA -- antinuclear antibodies; MTX -- methotrexate; HAQ -- health assessment questionnaire; CRP -- C-reactive protein (normal \< 10 mg/l); ESR -- erythrocyte sedimentation rate; DAS28 -- disease activity score in 28 joints

Serum CCL2 and IL-1Ra treatment {#S20007}
-------------------------------

In the 54 RA patients who were treated with IL-1Ra or a placebo, the serum CCL2 levels before and after treatment were both significantly higher than those of the healthy controls (*p* \< 0.001). There were no significant differences in the serum CCL2 levels and the mean CCL2 changes from baseline between the two treatment groups (*p* \> 0.05, [Table 2](#T0002){ref-type="table"}).

###### 

Serum CCL2 concentrations before and after treatment

                          Before treatment                                     After treatment                                      Mean changes
  ----------------------- ---------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------
  IL-1Ra group            820.0 ±767.8[\*\*\*](#TF0001){ref-type="table-fn"}   803.4 ±857.5[\*\*\*](#TF0001){ref-type="table-fn"}   9.82 ±8.32
  IL-1Ra responders       944.1 ±801.1[\*\*\*](#TF0001){ref-type="table-fn"}   618.2 ±778.7\*\*\*                                   --550.6 ±679.7[\$\$](#TF0002){ref-type="table-fn"}
  IL-1Ra non-responders   654.7 ±733.2[\*\*\*](#TF0001){ref-type="table-fn"}   844.2 ±620.0[\*\*\*](#TF0001){ref-type="table-fn"}   566.8 ±729.2
  Placebo group           920.9 ±759.8[\*\*\*](#TF0001){ref-type="table-fn"}   837.5 ±736.3[\*\*\*](#TF0001){ref-type="table-fn"}   71.72 ±866.1
  Healthy controls        32.54 ±15.4                                          --                                                   

The values are expressed as the mean ± SD.

CCL2 -- monocyte chemoattractant protein-1 (MCP-1). Compared with the healthy controls, \*\*\*p \< 0.001.

Compared with the IL-1Ra non-responders, ^\$\$^p \< 0.01.

An additional comparison was conducted in the responders to IL-1Ra (*n* = 27) and the non-responders to IL-1Ra (*n* = 15) vs. placebo. The serum CCL2 concentrations before and after treatment in both the responders and non-responders were significantly higher than those in the healthy controls (*p* \< 0.001). There were no significant differences in the serum CCL2 concentrations and the mean CCL2 changes between the IL-1Ra responders, non-responders and the placebo group (*p* \> 0.05). However, the serum CCL2 concentrations in the IL-1Ra responders declined following IL-1Ra treatment, and the responders had a higher mean CCL2 change from baseline to the last injection than the IL-1Ra non-responders (*p* \< 0.01, [Fig. 1](#F0001){ref-type="fig"}).

![Mean changes in the serum concentrations of CCL2 and CCL3 from baseline in the rheumatoid patients treated with IL-1Ra or a placebo. The significance of the differences between the IL-1Ra responders and non-responders was expressed as ^\$\$^ *p* \< 0.01.\
Compared with the healthy controls.](CEJI-39-43717-g001){#F0001}

Serum CCL3 and IL-1Ra treatment {#S20008}
-------------------------------

The before- and after-treatment serum CCL3 level changes amongst the treated patients were significantly higher than those in the healthy controls (*p* \< 0.01 and *p* \< 0.05, respectively). There were no significant differences in the serum CCL3 levels and the mean CCL3 changes from baseline between the two treatment groups (*p* \> 0.05, [Table 3](#T0003){ref-type="table"}).

###### 

Serum CCL3 concentrations before and after treatment

                          Before treatment                                   After treatment                                  Mean changes
  ----------------------- -------------------------------------------------- ------------------------------------------------ ----------------------------------------------------
  IL-1Ra group            204.7 ±489.0[\*\*](#TF0004){ref-type="table-fn"}   253.9 ±407.3[\*](#TF0003){ref-type="table-fn"}   47.15 ±679.1
  IL-1Ra responders       318.6 ±632.5[\*](#TF0003){ref-type="table-fn"}     121.2 ±257.6                                     --197.4 ±689.0[\$\$](#TF0005){ref-type="table-fn"}
  IL-1Ra non-responders   52.93 ±47.74                                       452.9 ±520.1[\*](#TF0003){ref-type="table-fn"}   414.0 ±499.5
  Placebo group           563.7 ±788.6[\*\*](#TF0004){ref-type="table-fn"}   293.7 ±630.1[\*](#TF0003){ref-type="table-fn"}   --161.9 ±279.1
  Healthy controls        29.62 ±17.7                                        --                                               

The values are expressed as the mean ± SD. CCL3 -- macrophage inflammatory protein-1α (MIP-1α).

Compared with the healthy controls, \*p \< 0.05

Compared with the healthy controls, \*\*p \< 0.01.

Compared with the IL-1Ra non-responders, \$\$p \< 0.01

An additional comparison indicated that there were no significant differences before and after treatment amongst the IL-1Ra responders, non-responders and the placebo group (*p* \> 0.05). However, a significant increase in the serum CCL3 levels was observed at the end of the study in the IL-1Ra non-responders (*p* \< 0.05). The IL-1Ra responders had a higher mean change in the serum CCL3 levels from baseline than the IL-1Ra non-responders (*p* \< 0.01, [Fig. 1](#F0001){ref-type="fig"}).

Discussion {#S0009}
==========

In our study, elevated serum CCL2 and CCL3 concentrations were found in patients with active RA, which confirm their important roles in the cell migration and aggregation during the onset and sustaining of RA synovitis \[[@CIT0004], [@CIT0011], [@CIT0012]\].

Klimiuk *et al*. \[[@CIT0013]\] reported that serum expression levels of chemokines interleukin 8 (IL-8), CCL2 and CCL5 correlated with clinical activity in RA patients and declined following three months of etanercept treatment. In our study, no significant differences in the mean CCL2 and CCL3 changes from baseline at the last injection were found between the IL-1Ra and placebo treated groups. However, further comparison revealed that both mean changes of serum CCL2 and CCL3 in the IL-1Ra responders significantly decreased, as compared to IL-1Ra non-responders. Additionally, the elevated serum CCL2 levels at baseline declined to healthy levels in patients who had good response to 24 weeks' IL-1Ra treatment. The findings suggest that IL-1Ra therapy may lower the levels of serum CCL2 and CCL3 while also reducing disease symptoms; therefore, serum CCL2 and CCL3 may be used as efficacy markers of IL-1Ra treatment.

In conclusion, CCL2 and CCL3 may play a pivotal role in RA synovitis and may be useful efficacy markers of IL-1Ra treatment. Biologics have brought a new era for RA treatment, but the appropriate time to taper or stop drug treatment is still unclear to rheumatologists. Serum CCL2 and CCL3 may be used as markers to indicate the best time for withdrawal. However, further investigation in a larger population is needed.
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